Periera reviews the literature concerning the role of sugar-sweetened beverages (SSB) in the aetiology of obesity. There is currently a limited evidence base on which to assess this association. The majority of data published to date relates to crosssectional and prospective epidemiological studies, which makes clear interpretation of the likely relative impact of SSB on the development of obesity difficult. Whereas a number of these studies do show a positive association, several also fail to find a relationship. Randomized controlled trials offer the best opportunity to assess the causal link between SSB consumption and obesity. However, in general, these data are flawed by the lack of appropriate positive controls to determine whether it is the beverage itself or any energy source causing the measured changes. Furthermore, given the complexity of design, and cost of intervention studies, these studies tend to have been of relatively short duration and have used large energy load interventions that may not be representative of consumption patterns of most individuals. Further studies are therefore required in order to determine the relative impact of SSB on the development of obesity.
Introduction
Obesity has become a major public health problem in all developed and most developing countries. Coincident with the rapid rise in levels of obesity, particularly in western countries, has been an increase in the consumption of carbonated energy (sugar) containing drinks. This has led to the valid question of the role that introduction of sugarsweetened beverages (SSB) into the diet has played in the development of obesity.
The paper by Pereira 1 provides a comprehensive review of the currently limited literature that purports to the link between SSB and obesity. The debate around this area is currently highly politicised, given this rapid rise in obesity in both children and adults and the negative perception of SSB in general. Hence, it is critical that well-designed andexecuted studies be conducted and data assessed in a manner that allows the best evaluation of the potential link. From a public health and communication perspective, the needs for evidence-based decisions must of course be balanced with a pragmatic view. However, the need to reduce the prevalence of overweight and obesity necessitates that interventions should have demonstrable and meaningful likelihood of success.
The evidence base
The paper 1 reviews the three major lines of evidence: crosssectional, prospective and randomized trials. The majority of data currently falls into the first two categories, which makes clear interpretation of the causality of intakes of SSB on body weight difficult. Pereira 1 highlights the difficulty in controlling the associated dietary and lifestyle variables that may be coincident with SSB consumption.
Cross-sectional studies Some clues to an association between SSB consumption and excess weight can be gleaned from cross-sectional surveys; however, most of the studies reported raise questions concerning the control of other dietary and lifestyle factors, statistical power, measurement error or a combination thereof. These factors will also be potentially confounded by varying definitions of the food groups. These include definitions of SSB and low nutrient density foods (of which one of five categories includes SSB). Whereas some of these studies demonstrate a positive association between SSB consumption and parameters associated with weight gain and obesity, there is no temporal information to assess causality.
Prospective studies Pereira 1 correctly identifies that appropriately designed prospective studies provide better evidence, particularly in terms of a temporal relationship between SSB consumption and a change in body weight. The studies reviewed suggest that increasing SSB consumption may increase risk of weight gain and obesity. However, as with case-control studies, confounding factors are often present, which makes a direct relationship difficult to prove. Furthermore, although an association between SSB consumption and weight gain was noted in a number of the studies reviewed, several of the studies showed no association. Interestingly, some studies also showed inconsistent findings according to specific behaviours (movement from very high to very low consumption or vice versa) 2 or only demonstrated an association within a specific subpopulation (recent weight gain). 3 These may provide opportunities to understand specific 'at-risk' populations or behaviours for which tailored advice may be appropriate.
Randomised control trials Pereira 1 highlights that appropriately controlled, randomized controlled trials are required in order to assess the impact of SSB on rising weight gain and obesity. The hypothesis being tested should, however, be very cleartwo possible questions can be asked:
(1) Are SSB more 'obesogenic' than other energy sources? (2) Does replacement of SSB with a non-energy source in the diet impact on body weight?
The first question affords a more controlled study design, however the review highlights only one study that has to date clearly assessed this question by comparing in a crossover, randomized control trial the effects of SSB with a solid sugar source (jelly beans). 4 Whereas the initial findings of the study suggest that there is a difference in compensation of energy intake (no compensation following SSB, complete compensation following solid sugar consumption), this was not reflected in changes in body weight. Likely reasons for this finding are the small sample size of the study and/or mis-reporting of other food intake during the study. It is clear that more data are required in this area including comparison against a wider range of energy sources. A number of studies have investigated the role of SSB on appetite and energy intake in prospective or intervention studies. These are reviewed elsewhere in this supplement. 5, 6 However, it is not clear that these changes in (usually shortterm) energy intake will reflect a long-term change in body weight.
Although not specifically designed to assess weight outcomes of energy-containing beverages, de Castro 7, 8 has reported that in short-term studies, a wide variety of energy-containing beverages and foods are accommodated into the diet without compensating for the calories within the foods or drinks. 7, 8 These studies highlight the necessity for appropriate controls in terms of other energy sources, while SSB clearly can add to the overall dietary intake, it is not clear that these will necessarily be more obesogenic than other energy sources in the diet. The second question has been assessed in a series of relatively small trials using a variety of methodologies, including: provision of sensorily matched drinks sweetened with either sugar or artificial sweeteners; education and delivery of diet drinks to home plus information to avoid sugar-containing drink consumption; education alone.
Two studies that have directly provided energy and nonenergy-containing drinks have given 530 and 600 kcal (mixed food and beverage)/day for 3 and 10 weeks, respectively 9, 10 . In both of these studies, although there was limited compensation in intake to the energy-containing beverages, weight changes were not as large as would have been predicted based upon empirical calculations. These findings suggest that inaccuracies in measurement of intake, or compensatory changes in metabolic rate/physical activity may have accounted for the discrepancies. What is not clear from these studies is whether addition or removal of any energy source from the diet would have led to similar changes in body weight and/or energy intake. Only the study of DiMeglio and Mattes (discussed above) 4 has to date directly compared two energy sources. Intervention studies are costly and time-consuming to run. Hence, in this field of study, as with many others, it is often noted that interventions are relatively large and conducted over a relatively short period of time, as a 'proof of concept'. This is appropriate in scientific terms, however, to assume that this level of effect would be noted at lower intakes must also be tested. The two intervention studies discussed above have used high levels of SSB intervention and while a small proportion of the population may be consuming such levels on a regular basis, this will not be the case for all consumers. In order to strengthen the argument that SSB are driving the epidemic of obesity, intervention studies using lower energy levels should be carried out, possibly over longer periods in order to demonstrate an effect.
Interestingly, as noted in the prospective studies, one of the intervention studies has identified a subpopulation for which the intervention was effective. In the recent study by Ebbeling et al., 11 swapping SSB for nonenergetic sweetened beverages led to no difference in change in body weight for the group of adolescent boys and girls as a whole compared to control group. However, for subjects in the top tertile of baseline body mass index, a small but significant reduction in body weight was demonstrated.
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Conclusion
The review of Pereira 1 highlights the relatively small evidence base currently available to assess the effects of SSB on changes in body weight or development of obesity. Several of the studies are suggestive of a link, particularly at high levels of consumption and possibly for certain 'at-risk' groups. Given the need to make evidence-based decisions and to determine effective public health decisions that will significantly impact on the rising levels of obesity, further clarity is required to understand the impact of SSB in the overall diet. Furthermore, intervention studies should be appropriately controlled and designed to ensure that they are addressing the critical questions. There may be other public health reasons to recommend increased consumption of nutrient dense, lower-energy foods, but currently further information is required before a clear link between SSB and obesity can be demonstrated.
